This paper combines backcasting and policy analysis to identify the opportunities for and barriers to the increased use of renewable energy and energy-efficient vehicles in an urban road transport system, namely, that of Stockholm, Sweden, in 2030. The combination of methods could bridge the implementation gap between scenario-based research and actual policy implementation and thus increase the chances of research being implemented in practice. In the case study, backcasting identifies a need for diverse fuels and vehicles and for immediate policy action. However, analysis of policy integration demonstrates that such action is unlikely given current policy structures. The fundamental lack of integration between energy and transport policy obstructs measures to increase the use of renewable fuels and more energy-efficient vehicles, which in turn obstructs the reduction of CO2 emissions from transport. The combination of backcasting and policy analysis is demonstrated to improve our understanding of the prerequisites for transitioning to a system based on renewable energy, and could thus be useful in further research.
Introduction
Urban road transport is the source of several environmental and human health problems. Due to its 98% dependency on fossil fuels, road transport is a major source of the anthropogenic CO2 emissions that contribute to climate change (IEA, 2011) . In urban areas, additional problems are noise and reduced air quality due to local emissions of particulate matter and nitrogen oxides. As urbanization is a global trend that is assumed to continue (World Bank, 2008) , it is imperative to reduce the negative impact of urban road transport. In the European Union (EU), measures targeting this include the increased use of renewable fuels and more energy-efficient vehicle technologies (EC, 2011a,b) . By 2030, the aim is to reduce the number of fossil-fuelled cars in urban transport by half in the EU (EC, 2011a) .
Current road transport policy can be interpreted as implying that 'renewable fuels' refer to biofuels 1 and that 'energy-efficient technologies' refer to plug-in electric vehicles. The share of biofuels is low in the EU, just over 4% of energy use in road transport in 2010 (Ecofys, 2012) , but there are opportunities to greatly increase this share. Several different biofuels can be produced from a wide range of feedstocks, and there is considerable future potential for energy-efficient production in large volumes (Lindfeldt et al., 2010; Swedish Government, 2013) . The diversity of biofuels could provide more or less individual energy and resourceefficient solutions for different transport needs. Currently, plug-in electric vehicles are even less common than are biofuelled ones. As they are far more energy efficient than conventional cars, are silent, and lack tailpipe emissions, they are a desirable alternative in urban traffic (EC, 2011a) . With renewable electricity generation, electric vehicles could also contribute to CO2 emission reductions.
Scenario-based research suggests that biofuels and plug-in electric vehicles could meet future transport demand in whole countries and in urban areas (Lindfeldt et al., 2010; Robèrt et al., 2007; Turton, 2006) . Some studies also acknowledge the need for behavioural change and reduced transport demand as important factors in addition to technological improvements (Åkerman and Höjer, 2006; Hickman and Banister, 2007; Robèrt and Jonsson, 2006) . A common denominator of all these studies is that they focus on the ability of technology to create a desired, ideal future; economic conditions are sometimes considered, but societal factors rarely are.
The purpose of scenario studies is usually to initiate radical change, for instance towards greater sustainability Robinson, 1990) . However, there is a gap between scenario-based research and actual policy implementation . One way of bridging this gap and bringing research into policy-making could be to modify the research process. According to Nilsson et al. (2011) , scenario studies are unrealistic as long as they ignore political conditions. Although scenario studies provide valuable information, they provide insufficient guidance on reaching sustainability goals. Greater attention to how to actually reach the desired future is needed, and this entails understanding relevant societal and political conditions (Nilsson et al., 2011 ). An analysis of current policy-making could illuminate the actual possibilities for realizing future scenarios. Thus, the gap between research and policy implementation could be diminished. This paper combines a backcasting study of urban road transport with an analysis of current policy processes in Stockholm, Sweden. The desired future includes increased use of renewable fuels and energy-efficient technologies in the road transport system as means to reduce CO2 emissions from road transport in line with EU goals. The policy analysis focuses on integration between transport and energy policy, as vehicles and fuels are managed in these two policy sectors. Research demonstrates that policy integration can greatly affect the outcome of policy processes (Underdal, 1980) . Policy integration has been shown to be of importance for sustainable transport (Banister, 2008; Hull, 2011) . A policy integration analysis can identify the ability of a policymaking structure to advance the realization of future scenarios. In this paper, integration between policy sectors is of greater interest than integration between specific institutions, wherefore the results can be considered generalizable.
This paper has two aims:
 To identify the characteristics of current policy that could hinder the increased use of renewable fuels and energy-efficient technologies in Stockholm's road transport system. This is done by identifying how policy correlates with desired future scenarios.  To demonstrate a useful methodology for improved understanding of the prerequisites for future scenarios, by using the interdisciplinary combination of policy integration analysis and backcasting in a case study.
The case study object is Stockholm, the Swedish capital, a metropolitan area with approximately 2 million inhabitants (Eurostat, 2012) .Motorized road transport is a large and important issue in this area despite a fairly high degree of public transport 2 utilization, initiatives to increase walking and cycling, and congestion charges for driving automobiles into the city centre. Sweden has fairly ambitious goals to reduce fossil fuel dependency in the transport system through using biofuels and plug-in electric vehicles (Swedish Government, 2009) . There is also a policy framework for the sustainable development of road transport in the Stockholm region, in line with the ambitious national goals. Due to a dominant share of hydro and nuclear power in Swedish electricity generation, the introduction of plug-in electric vehicles is considered one way to reduce CO2 emissions from road transport. Biofuels are produced and used to some extent. Existing technological conditions are therefore supportive of a 'renewable future'. Thus, Stockholm makes an interesting case with regard to implementation of policy for renewable fuels and energy-efficient vehicles. By analysing a situation in which technology development is not a major obstacle, the importance of the policy process should become clear.
Background
Backcasting is increasingly popular in studies of future energy use, energy supply and climate impact. This highly normative tool is usually used with the aim of radical change Robinson, 1990) , and as such it has been used to examine how the transport system could evolve in several countries and cities, in order to reach sustainability goals. In a Swedish backcasting study, Åkerman and Höjer (2006) establish that for a transport system that complies with the 450 ppm CO2 target for 2050, substantial social change is required. Lindfeldt et al. (2010) present strategies for renewable road transport in Sweden 2025, concluding that a mix of demand reduction and technical improvements could lead to a road transport system without fossil fuels. Robèrt et al. (2007) investigate the possibility of relying solely on biofuels in road transport in Stockholm County in 2030. They conclude that such a future would be possible, but also point out the importance of demand reduction (Robèrt et al., 2007) . The importance of a combination of technical progress and demand reduction is confirmed by backcasting studies in many other developed countries and regions, for instance California, Japan and the UK (Ashina et al., 2012; Hickman and Banister, 2007; Yang et al.; .
A more sustainable transport system is shown to be possible, through a combination of technology measures and social change. But how plausible is the implementation of the suggested policy implications? To what degree can backcasting studies lead to a more sustainable transport system? The studies mentioned above focus on technological and economic conditions, as is common in backcasting studies (Robinson, 1990) . However, the outcome of the studies reveals policy implications concerning not only technology but also behaviour and social structure. Not accounting for societal conditions in a study that then concludes that social change is needed might affect the implementation of policy for social change. While the desired scenarios of a backcasting study can be used to visualize opportunities and instigate change, the actual workings of the policy process can provide important constraints to the implementation of change.
In studies of sustainable urban transport, the policy process is often found problematic. For example, in a study of a major road investment in Stockholm County, the so called Bypass Stockholm, Finnveden and Åkerman (2014) found that long-term environmental sustainability goals were not included in the planning process. An alternative to Bypass Stockholm, that would include demand reduction measures such as investment in public transport and congestion charges, was found to be more environmentally sustainable. The alternative was rejected by the planners as "the goal was to find a road corridor, not to find the best solution for Stockholm's traffic and transport problems" (Finnveden and Åkerman, 2014 p. 54) . In line with this, a study of two British regions, centred around London and Oxford respectively, call for coherent and long-term planning strategies for more sustainable transport to be achievable .
Several other aspects of complications in the policy process are found in international literature. A Finnish study of transport policy goals and implementation found that goals were sometimes conflicting, but also that there were often dependencies between goals, and between goals and policy measures. This could obstruct the policy process (Tuominen and Himanen, 2007) . A Canadian study of institutional integration with regard to urban transport policy found that planners and policy-makers find it difficult to implement change (Hatzopoulou and Miller, 2008) . Poor integration between institutions, vertically (e.g. between national and regional institutions) as well as horizontally (e.g. between regional actors), was also identified as an obstacle to planning for sustainable transport (Hatzopoulou and Miller, 2008) . Marsden et al. (2014) conclude that concerning climate change goals, not only is the transport policy process slow and incremental, but that it might be difficult to change this pattern.
Could awareness of these possible obstructions to changes in the policy process increase the chances of successful implementation of backcasting studies? Research on the topic of backcasting has established the importance of connecting to the policy process in order to improve usefulness Nilsson et al., 2011; Robinson, 1990) . Banister and Hickman (2013) describe how scenario studies, defining desirable futures and how to reach them, may bridge the implementation gap between research and the policy process. Although their focus is on the powerfulness of using scenarios to achieve substantial change, they also recognise that realism should be included in the scenario analysis . A solid foundation with regard to the policy process could increase the realism and thus possibly increase the plausibility of implementing policy implications derived from a backcasting study.
In this study, backcasting is combined with an analysis of policy integration as an attempt to bridge the implementation gap by addressing the plausibility of implementation of policy implications. In a worst case scenario the policy process is slow, inert, poorly integrated with regard to goals as well as involved actors, and based on short-term strategies. Slowness may be inevitable (Marsden et al., 2014) , but possibility for improvement can be found in policy integration (see e.g. Anderton, 2010; Stead, 2008) . Thus, connecting policy integration to a backcasting study could be a fruitful way of bridging the implementation gap identified by Banister and Hickman (2013) .
Materials and methods
This interdisciplinary study uses two approaches. To explore Stockholm's regional policy processes and understand policy integration, documents were studied and interviews held with key civil servants in the energy and transport policy sectors. To obtain a view of a desired future road transport system in Stockholm in 2030, a backcasting study was conducted. This section presents the methods used and the material on which the paper is based.
Methods used for the policy analysis
In Stockholm County, energy and transport policy is handled by several institutions with different responsibilities. For a basic understanding of the actors involved in the policy process and the relations between them, Figure 1 gives an overview of the Swedish governing system. Stockholm County encompasses 26 municipalities, with City of Stockholm in the urban centre being the most populated municipality. Therefore, City of Stockholm is the only municipality to be represented specifically in this study. Document analysis is highly appropriate in qualitative case studies (Bowen, 2009) . It is relevant in this case as documents represent the written part of policy, providing timestamps for the policy process. In addition, as the documents are archived and thereby available to the public, the research process becomes transparent. In this study, documents were selected based on two criteria: -that they treat transport or transport planning in the Stockholm region -that they were issued or updated between 2007 and 2011 These criteria led to the selection of the five documents presented in Table 1 . Some of these documents are authoritative and govern regional planning, while others are intended to guide and inspire decision-making. The different document types provide a broad overview of current policy perspectives. City of Stockholm (2010) Interviews provide an opportunity to delve deeper into the material found in the document analysis (Bowen, 2009 ); in addition, background questions can be asked touching, for example, on why an issue was raised or a decision made (Kvale, 1996) . In the present study, interviews were used to obtain information about the values and reasoning underlying statements in the documents, about how the documents are perceived (e.g. as guiding vs. prescriptive) by those using them in their work, and about how policy expressed in the documents is implemented.
Interviews were performed with five civil servants who have an implementing role and/or are responsible for issuing and updating policy. The respondents (presented in Table 2 ), who represent a wide range of transport system issues, have different professions and work in different institutions. The interviews, which were semi-structured with a low level of standardization (Kvale, 1996) , lasted about an hour; they were recorded and transcribed. 
Backcasting
Backcasting is a method in which possible future scenarios are formulated and used in developing strategies for realizing a desired future (Dreborg, 1996; Hughes and Strachan, 2010; Quist and Vergragt, 2006; Robinson, 1990 ). This method is considered particularly useful when the business-as-usual case is no longer good enough and drastic changes are required in order to reach environmental, energy, or climate goals (Höjer and Mattson, 2000) . Often, highly polarized scenarios are developed, to illuminate various possible pathways (Dreborg, 1996) . Backcasting results are suitable for presentation to decision-makers, as they paint a picture of both the future and how to get there.
This paper uses backcasting in a slightly different way than is usually done. Here, backcasting is used to identify the outcomes of two future scenarios and the strategies required to reach them. The scenarios illustrate two versions of a road transport system without fossil fuels in Stockholm in 2030, one emphasizing biofuels used in internal combustion engine vehicles and the other plug-in electric vehicles. This selection was based on the current interest in biofuels and plug-in electric vehicles observable in Swedish and European policy (EC, 2011a; Swedish Government, 2009) . The scenarios are then used to identify implications for policy from working towards them. When these implications are compared with current policy implementation, constraints that should have been included in the backcasting could become visible. Thus, backcasting is in this paper used as a tool to improve backcasting studies rather than as a way of reaching a desired future.
In a Swedish context, some biofuels are considered more likely to be introduced than are others. A literature study was conducted to assess the substitution potential of several alternative fuels by 2030 with regard to technology development, production capacity, distribution systems, and trading volumes. Based on that literature study, ethanol, biomethane, biodiesel/synthetic diesel, dimethyl ether (DME), and renewable electricity are considered likely fuel options in Sweden by 2030. The main rationales for these renewable fuels are presented in Table 3 . This study does not take issues of biofuel unsustainability into consideration. It has been shown that biofuels do not always reduce CO2 emissions compared to fossil fuels (see e.g. Fargione et al., 2008; Searchinger et al., 2008) , but here a sustainable biofuel production is assumed. Similarly, electricity produced with fossil fuels cannot be considered a renewable fuel, but in this paper Swedish, fossil-free electricity production is assumed. Mohseni et al. (2013) e Basha et al. (2008) and Marchetti (2012) f Wetterlund et al. (2011) and Harvey (2011) g EC (2011a) Aside from the difference in fuels, the transport system is assumed to be equivalent in both scenarios. The scenarios have the same predicted transport demand and vehicle fleet composition, as presented in Table 4 . Fuel economy, also presented in Table 4 , is assumed to be the same in both scenarios. The road transport system in Stockholm in 2030 is assumed to resemble that of 2010. Although population growth is expected, reduced road travel demand is also deemed likely (City of Stockholm, 2007; Lindfeldt et al., 2010) , so 2010 travel demand statistics are used. A 25% improvement in fuel economy is assumed between 2010 and 2030 due to vehicle research and development (Lindfeldt et al., 2010) . In the backcasting, the focus is on the urban centre of the Stockholm region, i.e. the City of Stockholm. This part of Stockholm has the most inhabitants and also the greatest transport demand. Figure 2 shows the assumed percentages of vehicles using specific fuels in the two scenarios (these distributions are deemed technologically attainable in Stockholm by 2030). The assumptions were made based on a thorough analysis of prognoses for the use of various fuels depending on vehicle technological requirements and use (Bandivadekar et al., 2008; EPRI, 2007; JEC, 2011; Safarianova et al., 2009 ). Swedish conditions (Swedish Government, 2013) were taken into account when making the assumptions. A certain degree of electrification is assumed even with biofuels dominating the market, and even with extensive electrification not all vehicles are suited for electric motors; these provisos are reflected in the assumed fuel distributions. 
Backcasting: required modifications to the road transport system
The backcasting study provides information about the impacts on the energy system of two future scenarios, a biofuel future and an electric future. The energy demand of each fuel in each scenario is shown in Figure 3 . Based on this, conclusions about what is required in order to reach these futures can be drawn:
-The road transport system's energy efficiency depends on the degree of electrification of the vehicle fleet. The energy demand could vary greatly depending on the degree of electrification. -The large-scale introduction of electric vehicles must include support from other renewable fuels. Even with the highest degree of electrification, almost half the energy demand is provided by sources other than electricity. -Due to fuel supply and vehicle technology constraints, several renewable fuels must be considered. Both visualized possible pathways indicate that no single fuel can meet the whole energy demand alone. Backcasting studies are often successfully used to visualize how different futures could develop from different initial choices. In the present case, both studied backcast pathways have advantages and disadvantages, so the most desirable future may well be an intermediate one. In a future dominated by biofuels, current vehicle technology could be used and optimized. An electrified future requires the development of new vehicle technologies and battery technology breakthroughs, though both the production and distribution of electricity currently function well. The current biofuel production capacity is limited, and large-scale biofuel production based on fermentation and gasification of lignocellulosic material is probably required in order to meet future demands.
A strategy for substantially increasing renewable energy use in the road transport system therefore requires policy measures to promote biofuel production and distribution as well as new vehicle development. Policy measures to make these new fuels and vehicles attractive to potential users are also required. Although beneficial technological prerequisites for a decarbonized road transport system may exist, that does not mean that new technology will automatically be developed or that, if developed, it will automatically be used in society. Societal and political structures need to facilitate the transition from fossil fuels to renewable energy in road transport.
To substantially increase the use of renewable energy in Stockholm, immediate action is required. Current levels of biofuel and plug-in electric vehicle use are low at approximately 5% (Swedish Government, 2013) and 2030 is only 16 years away. The average Swedish car is used for 17 years (Swedish Government, 2013) , so many conventional vehicles will still be in use in 2030. For the remaining vehicle fleet to use renewable energy to a larger extent than it does now, biofuels and plug-in electric vehicles must be introduced very soon. Policy must be developed with this in mind. 
Policy analysis: integration of transport and energy policy

A theoretical framework for analysing the policy process
In this paper, public policy is understood as a process comprising the goals, decisions, actions, and inactions that are important in governing a system (Hill, 2005; Jenkins, 1978; Smith, 1976) . Policy unfolds via an ongoing process that evolves over time (Hill, 2005; Smith, 1976) . Policy processes occur in various policy sectors that each manage issues connected with a particular system. In this paper, the relevant policy sectors are the transport and energy sectors.
Policy processes in different sectors are often parallel, i.e. discussions and decision-making occur simultaneously but independently in several policy sectors. Policy processes in different policy sectors can thus comprise different decisions and actions, even when they treat the same issue. According to Fallde (2011) , the transport and energy policy processes are often parallel. Parallelism in the policy process entails the risk of creating contradictory policies. To avoid this, co-ordination between policy sectors is essential (Geerlings and Stead, 2003; Söderberg, 2011) , especially for policy sectors concerned with the same problems. In the policy analysis literature, co-ordination between sectors is often called policy integration (Geerlings and Stead, 2003; Persson, 2004) . In the present paper, the concept of policy integration is used to frame the co-ordination of policy processes in the transport and energy sectors.
Different parts of the policy process can be considered when analysing policy integration (Howlett, 2009 ). The present study focuses on the internal characteristics of the policy process, here called problem definitions, policy goals, and policy measures (cf. Rouillard et al., 2013) . A problem definition is defined as the representation of a problem that needs to be addressed by public policy. The problem definition can develop, transform, and become concretized in the policy process. Manageable solutions to the concretized problems can become policy goals, which are objectives that policy should aim to achieve. To fulfil policy goals, policy measures are used. A policy measure is an implementable instrument used to manage the system addressed (Rouillard et al., 2013) .
Policy integration can occur in all phases of the policy process, and it can be present throughout or in just a small part of the process (Rouillard et al., 2013) . Depending on where policy integration occurs, it can have different impacts on policy outcomes. For instance, integrated problem definitions but parallel policy goals and measures could result in incoherent policy implementation. On the other hand, conflicting policy goals but integrated policy measures could still result in integrated policy implementation (Rouillard et al., 2013) .
The concepts of problem definition, policy goal, and policy measure are used in the following analysis of energy and transport policy processes in the Stockholm region. These concepts are useful in seeking to understand and explain the relationship between the relevant policy processes and the occurrence of policy integration.
Policy integration in Stockholm
This section presents, analyses, and discusses energy and transport policy in the Stockholm region using the concepts defined in section 4.1. The policy analysis is based on the document study and the interviews. To clarify the written expressions of policy, the studied documents are summarized in Table 5 (see Table 1 for document descriptions and sources). In the analysis, interviews with civil servants (see Table 2 for interview respondent descriptions) are used to better understand how the documents are interpreted and used in the policy process. 
Transport policy
The problem definition according to transport policy is the increasing transport demand and associated increasing CO2 emissions. Stockholm's population is expected to grow, requiring more transport availability; meanwhile, climate impact is an important issue and transport is a main contributor to CO2 emissions. As seen in Table 5 , the document guiding the development of the entire transport system (D1) specifically emphasizes this problem definition, while the governing documents emphasize narrower problems. Interview respondents confirm that the problem definition is defined in the guiding documents (I1-5).
When the problem definition is transformed and concretized in the policy process, the increased transport demand and maintained mobility come more into focus. Mobility, understood as the availability of transport options for an increasing regional population, is then defined as the policy goal. The other part of the problem definition (i.e. increasing CO2 emissions) is not concretized in the same manner and does not become a policy goal. Mobility is highlighted as the most important policy goal in several transport policy documents (D1, D4-5). To maintain mobility, two policy measures are evident: improved road and railway infrastructure, and improved public transport (as seen in Table 5 ). Improved infrastructure offers more transport options for the increasing population and is assumed to improve mobility. Public transport is also considered a key instrument to maintain mobility as it may reduce congestion.
The policy measure of improved infrastructure relates to the policy goal of mobility, but not to the entire problem definition. The increased population is considered but not increased CO2 emissions. One interview respondent, describing the infrastructure implementation process, confirms that climate impact is not relevant to infrastructure development:
Maybe they do [look into energy issues] indirectly by performing Environmental Impact Assessments, but I wouldn't say that it's high up on the agenda. … To be honest, that's not how it works. (I2)
The policy measure of public transport relates both to the entire problem definition and to the policy goal. Public transport is considered energy efficient and thus climate friendly, while it could also meet the transport needs of a larger population (D3, D5):
We notice that it's possible to transition to more energy-efficient solutions and resource-efficient solutions, from individual means of transport to more public transport. … It's much more efficient because you transport so many more people in the same area. (I2)
Public transport is described as a way to increase mobility while transporting more people on existing roads and railways, since land and financial resources are scarce. Increasing use of passenger cars is undesirable due to high energy (currently fossil fuel) use per passenger, so increasing the use of public transport is considered the proper way to achieve more energyand land-efficient transport.
Energy policy
Energy policy is concerned with several policy sectors, 3 one of which is transport (D1-2). The problem definition in energy policy is high energy use, high use of fossil fuels, and, consequently, increasing CO2 emissions (D1-2, D5). Energy use in transport is characterized by fossil fuel use and inefficient combustion engines, both of which are considered contributors to CO2 emissions.
The concretization of the problem definition is centred on maintaining the current road transport system but reducing CO2 emissions. As seen in Table 5 , a solution to this problem is to switch to more energy-efficient and less polluting fuels and vehicles. The energy policy goal for transport is then defined as increased energy efficiency and increased use of renewable energy (D2). Policy measures to reach the policy goals are the increased use of biogas 4 and plug-in electric vehicles. Plug-in electric vehicles are energy efficient and also lack tailpipe emissions. In the City of Stockholm, the congested urban centre where reduction of local air pollution and noise are important issues, plug-in electric vehicles are considered a desirable option. To introduce this new technology in the city, public procurement of plug-in electric vehicles has been initiated (I1). The main aim of this public procurement is to present a consumer base that could attract electric vehicle manufacturers to the Swedish market:
We can charge them using engine heater poles, we have CO2-free electricity, but we don't have the cars. … We needed to show the vehicle industry that there is a Swedish market and that we have the infrastructure, which they barely knew. So we decided on public procurement of electric vehicles. (I1) Biogas has been produced and used as vehicle fuel in the Stockholm region for some time and is an established technology. Public and private actors are keen to increase both the production and use of biogas (I3-4). Although biogas can be used to produce heat and electricity, and could thus affect the entire energy system, the focus in Stockholm is strictly on biogas as vehicle fuel (I4).
Parallel and integrated policy
In analysing transport and energy policy, some similarities and some differences are apparent. The problem definitions, policy goals, and policy measures are summarized in Table 6 . The problem definitions of both policy sectors partly overlap, but the policy goals and measures differ markedly. This implies some degree of policy integration, but also parallelism, between transport and energy policy. Both problem definitions concern increasing CO2 emissions, possibly because they both originate from the same documents, which consider regional development in a holistic manner. This holism implies a common view of what is problematic, which could lead to integration between the policy sectors. However, the problem definitions are handled differently in the two policy processes and lead to different policy goals. The focus on CO2 emissions is lost in transport policy, while energy policy maintains the connection between CO2 emissions and the policy goal. The policy goals in the two sectors are therefore parallel. The policy measures are also parallel, with transport policy focussing on infrastructure and public transport and energy policy focussing on biogas and plug-in electric vehicles.
According to Rouillard et al. (2013) , parallel policy goals and measures could result in incoherent policy implementation even if the problem definitions contain the potential for integration. In the present paper, the policy goal of maintaining mobility is not seen as restricted by any energy concerns. When this goal is parallel to the policy goal of increasing renewable fuel use and energy efficiency, a contradictory situation arises: one policy goal is achieved by means of infrastructure, without considering energy use, whereas the other policy goal is achieved by means of energy supply, without considering its use in the system. This parallelism could result in increasing energy use and CO2 emissions, which will not solve the problems as currently defined.
As the problem definitions of energy and transport policy are partly shared, the involved actors may believe that policy goals and measures are also shared even though they are not.
The discrepancy between perceived integration and actual lack of integration could complicate or even obstruct solving the problem of increasing CO2 emissions. If actors believe that they are working towards solving the same problem they are unlikely to reassess their work, keeping policy goals and measures separate. A clear focus on the relationship between problem definitions and policy goals could help reduce the separation between policy sectors.
Combining backcasting and policy analysis
One aim of this paper is to demonstrate how policy analysis can be used to complement backcasting when studying the transition to a desired future. This methodology can identify constraints that should be taken into consideration in backcasting studies, in order to improve their usefulness. Backcasting usually aims at radically changing direction, but if such a change is obstructed by the prevailing policy process, this aim could fail. By acknowledging policy constraints as well as technological or economic constraints, more realistic backcasting studies could be performed. Additionally, backcasting results could be used more productively with knowledge of how the policy process works. Policy analysis reveals complications in decision-making that need to be addressed, thereby emphasizing the implications for policy of desired future scenarios. Combining backcasting and policy analysis could reinforce the transition to a desired future, such as more sustainable urban road transport.
In this paper, the backcasting study demonstrates that, for Stockholm's road transport system to be based on renewable energy, several new fuels and vehicle technologies are required. It is imperative that policy address this issue immediately, as the system needs time-consuming comprehensive modification. This, however, is not supported by the policy process.
The policy analysis reveals a lack of policy integration between energy and transport policy. The two policy sectors are partly integrated in terms of their problem definitions but parallel in terms of their policy goals and policy measures, which entails a risk of contradictory policy goals and measures. In this study, the transport policy goal of maintaining mobility implies that transport infrastructure could be developed without concern for the fuels or vehicle technologies used. In energy policy, the focus is on renewable fuels and energy-efficient vehicles, but the infrastructure to be used by the vehicles is ignored. Failing to address infrastructure and energy jointly could lead to greater energy use and greater CO2 emissions caused by more transport, though this may be obscured by the integration of problem definitions: Actors may believe that, because they share the same problem definitions, they are also working towards the same goals.
The policy goals and policy measures analysed here tend to address specific issues rather than applying a comprehensive perspective. Interview respondents almost exclusively discuss biogas and plug-in electric vehicles, although these technologies alone are not enough to build a future transport system based on renewable energy. For instance, there is already a shortage of biogas (Olsson and Hjalmarsson, 2012) and there is little potential to reach the amount that the backcasting study suggests is required by 2030. This will obstruct attainment of the desired future, as a one-sided focus on, for example, biogas means that other renewable fuels and issues, such as energy efficiency, are ignored. Ethanol is another example of the perils of an exclusive policy focus, being mentioned by some interview respondents as a solution of the past:
… so it is electricity and biogas, as ethanol has disappeared somewhere along the way. … It becomes trends … (I4)
The respondent remembers an earlier effort to introduce renewable fuels in Sweden that was criticized specifically for favouring ethanol over other fuels (Söderholm, 2012) and for being forced on Swedish local and regional authorities (I3). Ethanol was also criticized by the media, which questioned its sustainability (Motormännen, 2007; Svenska Dagbladet, 2008) . These criticisms made ethanol unpopular as a vehicle fuel, although it is still used for blend-in in petrol (SEA, 2012) . Such policy-making is clearly counterproductive to achieving a transport system based on renewable energy. A more comprehensive view, not only of problems but also of solutions, is required in order to create the kind of policy called for by the backcasting study.
The backcasting approach is useful in identifying the modifications required in order to reach a desired future. In this case, immediate policy action is essential as large system modifications are required. The policy analysis demonstrates that little action is currently being taken towards substantially reducing CO2 emissions from the road transport system. Awareness of this is important in order to understand how great the challenges really are. The policy process is not easily modifiable as it relies on inflexible structures and traditions. Of course, the goals of other policy sectors might affect the policy process in the transport and energy policy sectors. In addition, numerous actors, private and public, participate in the policy process. Modifying the policy process to get on a pathway suggested by backcasting scenarios might, in this setting, be very slow. Understanding that scenario studies cannot just generate policy to reach desired futures is important in order to avoid unrealistic assumptions about the transition to a road transport system based on renewable energy.
Backcasting studies are sometimes used as tools in policy processes to pinpoint changes and actions needed in order to reach desired futures. However, when dealing with complex problems extending over several policy sectors, backcasting may be more useful if combined with an analysis of policy integration. As this study has demonstrated, an analysis of problem definitions, policy goals, and policy measures in different policy sectors can highlight whether the policy process provides appropriate conditions for implementing appropriate measures to reach the desired future. As the case of Stockholm has demonstrated, modifying the road transport system requires not only technological knowledge but also an understanding of the policy process. It would be interesting for further research to study the policy process more closely, in order to better understand the (poor) integration in transport and energy policy in Stockholm.
Conclusions
This paper has used a case study to demonstrate that combining backcasting with policy integration analysis can successfully identify difficulties encountered in working towards increased renewable fuel use and energy efficiency in urban road transport. The combination of methods is proven useful as it can increase the implementability of backcasting studies.
The inclusion of policy analysis can provide more reliable input to backcasting studies, and knowledge of the policy process can help translating results from backcasting studies into policy implications. Thus, combining backcasting and policy analysis could generally be useful in research for a more sustainable future.
In the case of Stockholm's policy process, the fundamental lack of policy integration obstructs measures to reduce CO2 emissions from transport. The backcasting study identifies a need for diverse fuels and vehicles and for immediate policy action. Meanwhile, the policy analysis demonstrates that, given current policy structures, this is difficult to implement.
The findings from the policy integration analysis suggest that Stockholm's policy-makers need to understand the relationship between problem definitions and policy goals and that those do not automatically correspond to each other. In this paper, a mismatch is identified between problem definitions and policy goals. Policy measures are directed towards policy goals but the political rhetoric concerns the problem definitions. In other words, it is possible for policy-makers to be under the impression that they work towards sustainability while the actual policy measures might not address sustainability. Thus, poor policy integration could hamper development towards a more sustainable transport system. Further research should investigate whether this is a general phenomenon or if it is specific for the studied case. This paper also suggests that policy-makers need to understand the problem of an exclusive focus on one or two fuels and/or vehicle technologies; as that could also delay the development of the use of renewable fuels and energy-efficient vehicles.
